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To illuminate the molecular mechanisms of how SARS-CoV-2 rewires host signaling and
how it subverts host immunity, we modeled the potential protein -protein interactions
between SARS-CoV-2 and human cells. Here, we utilized an in silico approach which
allows large-scale prediction of potential host-pathogen interactions (HPI) based on the
strategy exploited by the pathogens ï interface mimicry where pathogens hijack the
binding sites of physiologic protein interactions . With our method, we can identify not only
the interacting HPI partners, but also their 3D structures as bound complexes and the
endogenous human interactions that can be disrupted due to these putative HPIs.
Experimental large-scale mapping of HPIs and resolving their structures as a complex is
difficult and individual HPIs do not permit an in-depth grasp of virulence mechanisms. We
analyzed all structurally available SARS-CoV-2 proteins and found 467 potential HPIs,
some of which are also identified experimentally by others. We also observed that these
viral proteins target several key human pathways. Our HPI models can help elucidate to
date unknown pathogenesis mechanisms, assessdifferences in newly emerging mutant
variants and facilitate drug design efforts.

Abstract HMI-PRED: A powerful computational approach to identify host-pathogen interactions

Results and Discussion

Å Computational methods allow fast, robust, and proteome-wide predictions

Å Resolved structures for experimentally identified protein -protein interactions are
limited and experimental characterization is challenging and time consuming

Å Structural details of protein interactions can provide insights into :

Å Molecular basisof protein functions

Å How higher-order oligomerization modes influence protein functions

Å Whether clinically observed oncogenic mutations strengthen or weaken the
interaction

Å How parallel pathways compensateeachother in drug-resistant mutants

Å De novo drug design and drug repurposing

Interface Mimicry

Figure 2. Knowledge of which host

proteins are targeted by the pathogenic

protein, how they interact, and which

endogenous host protein interactions are

affected by this will provide important

details about the infection mechanism.

Figure 1. Interfaces are more conserved

compared to global structures. We can

predict novel protein interactions through

interface mimicry.

Importance of computational approaches 
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- List of HPIs

- Structures of HPI complexes

- List of mimicked template PPIs

- Interface residues of the predicted 
HPI complex

- Tissue expression data of the 
interaction partners

Figure 3. (a) Template interface set. (b) Workflow of HMI-PRED. (c) The main page of HMI-PRED webserver (https://interactome.ku.edu.tr/hmi/index.php)

Protein Description Number of  
HPIs identified 

via AP-MS 
(Gordon et al. 
2020, Nature)

Number of 
modeled 

HPIs

S Spike protein 2 31
N Nucleocapsid phosphoprotein 15 23

Nsp3 ADP ribose phosphatase 0 102
Nsp5 Main protease 1 41
Nsp9 ssRNAbinding (replicase) 16 142
Nsp15 Uridine-specific endoribonuclease 3 55
Nsp7 cofactor of Nsp12 32 26
Nsp8 cofactor of Nsp12 24 26
Nsp12 RNA polymerase 20 26

SARS-CoV-2SARS-CoV

OurmodelPDB: 6vybPBD: 6acg PDB: 6m0j

ACE2

Table 1. SARS-CoV-2 proteins analyzed by HMI-PRED

Figure 5. Proof of principle: HMI-PRED correctly identified Spike-ACE2

interaction and its complex structure
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Å We analyzed all structurally available SARS-CoV-2 proteins*
and identified 467 putative HPIs.

Å For all HPI models, we have:

Å 3D structures asbound complexes

Å Interface residues of the complex through
which the binding partners interact

Å For SARS-CoV-2 Spike protein, we identified 31 potential
partners, 12of which are surface or extracellular proteins.

Å Common mutant variants of Spike protein may have higher
affinity to ACE2.

Å These are computational predictions and models need to be
validated by experiments.

*Crystal structures available as of summer 2020

IGHG1 GDF2MMP3

LIF

FA20A

PSMD7 S10AD
NKG2A STIM1

(a) (b) (c)

ACE2
E484

N501K417

S (RBD)

UK Variant, B.1.1.7 (E484K*, S494P*, N501Y)
&

Brazilian Variant, P1 (K417N/T, E484K, N501Y)

Figure 6. (a) Predicted partners of Spike protein. (b) Zoom-in view of Spike-ACE2 interaction. (c) Predicted partners of common Spike variants which bind through RBD. Blue

proteins are partners of mutant variants. *E484K & S494P mutations are detected in some sequences of UK variant, but not all. (Mutations obtained from CDC)
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Spike protein of these 
variants only bind to ACE2, 
but with higher affinity than 
the wildtype Spike.
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